ABSTRACT
managed under NT conditions. We hypothesized that late sowings and early maturity 119 classes would perform better due to an improved use of soil water and nitrogen.
Site conditions and experimental design

122
A field experiment was established in Agramunt (41º 48' N, 1º 7' E; 330 m asl),
123
NE Spain. The area is representative of dryland semi-arid Mediterranean conditions with 124 a mean annual rainfall of 430 mm, potential evapotranspiration (PET) of 855 mm, and an 125 air temperature of 13.8 ºC. The soil was a Typic Xerofluvent (Soil Survey Staff, 2014) .
126
The soil water-holding capacity was 185 mm in the first 90 cm of depth. Other properties 2-(4-methoxy-6-methyl-1,3,5-triazin-2-ylcarbamoylsulfamoyl)benzoate] (10 + 5 g a.i. early N uptake to a minimum.
190
The grain was harvested using a commercial combine at the end of June or the 191 beginning of July. Crop residues were chopped and uniformly spread over the soil surface. water lost as evaporation would be lower than 62 mm after discounting the fraction 233 accounting for crop transpiration, and taking into account that soil management was based 234 on no-till, which minimizes soil water evaporation (Unger et al., 1991) .
interaction between maturity class and sowing date, and the sowing date x year and 276 maturity class x year interactions ( Table 1) . As an average of the two maturity classes 277 studied, D2 and D3 showed greater barley grain yields than D1 in the three cropping 278 seasons studied (Fig. 2) . The greatest grain yield of BEC was observed for D2, while for
279
BMC both D2 and D3 presented greater yields than D1 (Table 1) .
280
The number of spikes m -2 was significantly affected by sowing date, maturity class 281 and year main effects but not interactions ( (Fig. 2) .
303
The WUEy of BMC and BEC increased significantly when the sowing date was delayed 304 from D1 to D2 and D3 (Fig. 2) .
305
Barley NUE was significantly affected by the sowing date x maturity class, sowing 306 date x year as well as maturity class x year interactions ( (Table 2) .
321
The three wheat yield components studied were significantly affected by the 322 interaction between sowing date and year ( (Fig. 3) . The wheat HI was significantly affected by the interaction 327 between sowing date and maturity class, and the interaction between sowing date and 328 year (Table 2 ). However, a delay in sowing produced no consistent trend in this variable. (Fig. 3) . Moreover, greater NUE was observed in WMC than in WEC as an average of 339 cropping seasons (Table 2) .
340
The later barley sowings (D2 and D3) showed a significant linear relationship 341 between grain yield and the number of spikes m 2 , no significantly different between them 342 at P < 0.05. Contrarily, no relationship was found in D1 ( Fig. 4a ) (P = 0.76). As a 343 difference, the three barley sowing dates (D1, D2 and D3) showed the same (P < 0.05)
344
linear relationship between the number of grains per spike and grain yield (Fig. 4b ). No 345 relationship was found between TKW and barley grain yield (P = 0.17). In the case of 346 wheat, grain yield was linearly related to the number of spikes m 2 and to the number of 347 grains per spike, with no differences between sowing dates according to the analysis of covariance performed (Fig. 4d, 4e ). In contrast, wheat TKW showed a non-significantly 349 different linear relationship with grain yield between D2 and D3, while no relationship 350 was found for D1 at P < 0.05 (Fig. 4f) . 
